The purpose of this paper is to outline our studies and observations regarding the prevalence of high blood pressure values in paediatric and juvenile populations, the early response of the left ventricle (left ventricular mass and septal and parietal wall thickness) to elevated blood pressure, the presence of a metabolic syndrome Keywords: blood pressure; paediatric population; hypertensive children and adults
Caracas disclosed: (1) a 10.2% prevalence of primarily elevated blood pressure; (2) a significantly higher prevalence of elevated blood pressure in obese children of both sexes in comparison with non-obese children; (3) a tendency for high blood pressure readings to persist; (4) a tendency to a family aggregation of high blood pressure.
Relation of left ventricular mass to blood pressure at rest and at peak exercise
In 1988 we studied the correlation of echocardiographically determined left ventricular mass and diastolic septal and posterior wall thickness with systolic and diastolic blood pressures, at rest and at peak treadmill exercise, in 130 school children (68 boys, 62 girls) 6 to 15 years of age. 8 This information may help to understand the early response of left ventricular myocardium to blood pressure elevations. Hypertension in adults is associated with left ventricular hypertrophy. This latter finding involves an increased risk for early mortality from myocardial infarction, congestive heart failure and sudden arrhythmic death. 9, 10 It is important to understand the early mechanisms that link left ventricular mass to variations in blood pressure. Left ventricular and diastolic septal and posterior wall thickness were obtained from two-dimensional guided M mode echocardiograms, using standard measurement techniques. Left ventricular mass was determined by the following formula 11 :
where EPVol and ENDVol represent epicardial and endocardial volumes, respectively (ml); and 1.05 is the specific gravity of the myocardium (gm/ml). Epicardial and endocardial volumes were calculated using the following biplane area-length formula. where A1 represents the enclosed epicardial or endocardial area in the short-axis parasternal plane, A 2 represents the enclosed epicardial or endocardial area in the apical four chamber view, and L represents a common shared axis in the two orthogonal planes ( Figure 1 ). Left ventricular mass and diastolic posterior and septal wall thickness had a poor correlation with resting and exercise diastolic blood pressure (Table 3) ; and a significantly higher correlation with peak exercise systolic blood pressure than with resting systolic blood pressure (Table 4 ). This finding suggests that early in life left ventricular mass and wall thickness are more closely related to systolic blood pressure during physical activity than to blood pressure in basal conditions. We may therefore expect that mean systolic blood pressure recorded during 24 h, including periods of activity and rest, is a better predictor of left ventricular hypertrophy in hypertensive subjects than casual blood pressure at rest in basal conditions.
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Left ventricular mass and diastolic function in hypertensive children and adolescents
Daniels et al 12 in 1990, found a value of left ventricular mass measured by two-dimensional echocardiogram higher than the 95th percentile for their age in 35 hypertensive children with a mean age of 15 years. Snider et al, 13 in 1985, found signs of left ventricular diastolic dysfunction by Doppler evaluation of left ventricular filling in 18 hypertensive children with a duration of 2 years or more. 13 We are presently carrying out a study of left ventricular mass measured by two-dimensional echocardiograhy following the previously described formula 8 and of left ventricular diastolic function by Doppler evaluation of left ventricular diastolic filling. Up to now we have studied 160 children and adolescents with age ranging between 6 and 17 years, with primary moderately elevated blood pressure, according to criteria defined in our population study of Caracas. 7 The value of left ventricular mass was higher than the 95th percentile for their age in 25% of these cases and the E/A relation in the Doppler transmitral left ventricular filling curve was Ͻ1 en 23%, suggesting stage 1 left ventricular diastolic dysfunction, with delayed relaxation. 14 All these observations warrant follow up and prudent intervention in children and adolescents with persistent elevated blood pressure for their age.
Treatment of persistent primary hypertension in children and adolescents
We define persistent hypertension as the presence of high blood pressure readings for age during an observation period without intervention of 4 to 6 months. 15 Before applying the following treatment guidelines for primary hypertension, correctable causes of secondary hypertension should be ruled out. The most common causes of secondary systemic hypertension in children and adolescents are listed in Table 5 . The diagnostic algorithm to rule out a correctable cause of hypertension in children and adolescents in not covered in this paper. Table 3 . *Statistically significant difference.
Non-pharmacologic treatment
An attempt to control high blood pressure with nonpharmacologic means is the first step in all cases of paediatric or juvenile hypertension. These include: weight reduction in obese subjects, regular physical S13 exercise and low sodium diet (less than 4 gm of sodium chloride daily). In the INTERSALT study, with 52 participant centres worldwide, a significant correlation was found between 24-h urinary sodium excretion and systolic blood pressure. 16 Sinaiko et al 17 reported blood pressure reduction in children with a low sodium diet (4 gm of sodium chloride). The INTERSALT study also reported an inverse relationship between 24-h urinary potassium excretion and blood pressure. A potassium-rich diet through the inclusion of vegetables and fruits is recommended as part of dietary treatment of hypertension in children and adolescents.
Non-pharmacologic treatment, including weight loss, low sodium, and dietary supply of vegetables and fruits, reduced blood pressure to normal values in 80% of 160 children and adolescents treated by us in the period 1980 to 1997.
Pharmacologic treatment
We used pharmacologic treatment when dietary treatment and lifestyle changes fail to control persistent high blood pressure in a 3 to 6 month period. The most useful criterion to choose an antihypertensive drug in paediatric and juvenile hypertension is the clinical evaluation of the haemodynamic pattern of blood circulation. The majority of children and adolescents with primary persistent high blood pressure have a hyperkinetic circulatory pattern, characterized by elevated resting heart rate and high cardiac output with normal or slightly reduced intravascular volume, normal peripheral vascular resistance, increased plasma renin activity and high levels of circulating noradrenaline. 18, 19 The most useful clinical markers of a hyperkinetic circulatory pattern are increased heart rate at rest and frequent episodes of sinus tachycardia. In our experience, the 24-h ambulatory electrocardiogram (Holter) is useful
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In children and adolescents with primary hypertension and hyperkinetic circulation we use adrenergic beta-blockers as first choice antihypertensive drugs. We recommend a dose of 0.5-2 mg/Kg twice daily for propranolol, and 1-2 mg once a day for atenolol and metoprolol. As adrenergic beta-blockers may rise, even slightly, the plasmatic levels of cholesterol and triglycerides, 20 blood lipids should be checked before starting the treatment and if high values are present, cardioselective beta-blockers such as atenolol and metoprolol should be preferred, as they usually do not have metabolic effects.
When there is not a hyperkinetic circulatory pattern we recommend a thiazide diuretic, hydrochlorothiazide or chlortalidone, starting with a dose 1 mg/Kg daily. If this usual dose is not totally effective, small weekly increments of 0.5 mg/Kg daily are indicated, up to a dose of 2 mg/Kg daily. Thiazide diuretics may also raise blood lipid levels, which should be checked when this class of diuretics are used as antihypertensive drugs. 20 In resistant cases to initial therapy with either beta-blockers or diuretics, a combination of both may be used.
Metabolic syndrome in hypertensive children and adolescents
In adults the existence of the so-called metabolic syndrome X 21 is well known, defined as the coexistence of three features: (1) arterial hypertension; (2) abdominal, central or android obesity; and (3) hyperglycaemia or glucose intolerance, hyperinsulinaemia and hyperlipidaemia. In the Bogalusa heart study on blood pressure in children, fasting glycaemia had a positive correlation with systolic and diastolic blood pressures, triglyceride blood levels and obesity. 22 Reviewing the clinical records of 287 children of both sexes, 6 to 15 years of age, with elevated blood pressure in our Caracas heart study, 7 49 (17%) had the triad of primary arterial hypertension, obesity and hyperlipidaemia. In 24 of 160 (15%) children, aged 6-17 years, with primary arterial hypertension, according to the criteria of our Caracas heart study 7 followed since 1980 to 1997, there was the association of hypertension, abdominal obesity, hyperlipidaemia and glycaemia between 115 and 120 mg/dl, that is, the features of the metabolic syndrome X. Abdominal obesity was defined as the finding of a body mass index above the 95th percentile for age and sex according to the Caracas heart study, 7 with a relation of abdominal circumference/pelvic circumference greater than 1.
The glucose tolerance test was positive in eight of the 24 hypertensive children with a fasting blood sugar between 115 and 120 mg/dl (33.3%), and borderline in 10 (41.6%). In 14 children the fasting insulin level was measured and a level above 40 microunits per litre was found in eight (57%).
In these 24 children, blood cholesterol level was higher than 200 mg/dl, well above the upper normal level of 160 mg/dl suggested by Kannel and Dawber for school age children, 23 and above the upper normal value of 180 mg/dl suggested by our Caracas
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Journal of Human Hypertension heart study. 24 Blood triglyceride level was higher than 180 mg/dl, above the upper normal value of 140 mg/dl suggested for school age children by Fredrickson 25 and by Lloyd, 26 and above the upper normal level derived from our Caracas heart study of 139 mg/dl. 24 The preceding observations demonstrate that arterial hypertension in children, as in aduts, 21 may be part of a clinical-metabolic syndrome (syndrome X), together with obesity, hyperlipidaemia, hyperglycaemia or glucose intolerance and hyperinsulinaemia. The demonstration of the existence of such a syndrome in hypertensive children and adolescents has led us to modify our initial therapeutic pharmacologic strategy based on the use of adrenergic beta-blockers and thiazide diuretics. Both beta-blockers and thiazide diuretics may produce an elevation of blood lipids, 20, 27, 28 and diuretics may produce hyperglycaemia. 29 Our present therapeutic recommendations for children and adolescents with persistent elevated blood pressure are as follows: first, we have to rule out secondary hypertension, clinically, or by using appropriate diagnostic tests, if we suspect one of the known causes of secondary correctable hypertension (Table 5) .
After having established the diagnosis of primary hypertension, the patient has to be classified into one of two groups:
Group 1: Patients with persistent primary arterial hypertension, with hyperkinetic pattern of circulation and absence of metabolic syndrome:
Step 1: Non-pharmacologic treatment, as described above.
Step 2: If there is no satisfactory response with nonpharmacologic treatment after several weeks or months: pharmacologic treatment with adrenergic beta-blockers.
Group 2:
Patients with persistent primary arterial hypertension without hyperkinetic circulation and presence of metabolic syndrome.
Step 1: Non-pharmacologic treatment, which includes besides weight reduction, low sodium and high potassium diet and regular physical exercise: sugar and saturated fat restriction, with surveillance of glycaemia and blood lipids. In some cases the use of statins or fibrates may be necessary to lower elevated blood cholesterol or triglycerides. If non-pharmacologic treatment fails to control elevated blood pressure after several weeks or months, pharmacologic treatment should be started with angiotension I converting enzyme inhibitors, starting with low doses, with gradual increases as needed. The usual initial doses are: captopril, 1 mg/Kg twice or three times a day; enalapril, 0.2 mg/Kg once or twice a day.
We have had good results with the association of benfluorex for a better control of blood glucose and lipids, when persistent normal levels are not achieved with dietary and other non-pharmacologic measures, associated with the use of angiotensin I converting enzyme inhibitors.
